During a study of fawn mortality of sympatric white-tailed (Odocoileus virginianus) and mule deer (O. hemionus eremicus) in west-central Texas from 2004 to 2006, we made observations that should help deer researchers increase their efficiency of capture of fawns, obtain better estimates of ages of fawns, and obtain more reliable estimates of fawn survival. We experimented with vaginal-implant transmitter designs and found that larger holding wings and antennas protruding ,1 cm past the vulva resulted in more successful drops at birth sites. White-tailed fawns moved farther from birth sites than mule deer fawns of similar ages (P ¼ 0.027). Our model predicted that white-tailed and mule deer fawns moved an average of 100 m away from birth sites after 12.5 and 17.5 h postpartum, respectively; outliers may be expected. Compared to previously published models estimating ages of captive fawns from new hoof growth, our model predicted that free-ranging fawns were generally 1.5 weeks older. As others have suggested, abandonment induced by marking was rare, and we suggest methods for monitoring does and fawns that could minimize such occurrences. Behavioral and morphological models that we describe may be species-, site-, and time-specific, and biologists should use caution when extrapolating inferences from captive animal-derived models to free-ranging populations.
Population dynamics of large herbivores are generally influenced by juvenile survival and recruitment more than other demographic parameters (Gaillard et al. 2000; Garrott et al. 2003; Haskell and Ballard 2007; Lawrence et al. 2004) . New technologies increase our capacity to define and understand reproductive biology and subsequent recruitment patterns. Methods used to estimate gross reproductive rates (Andelt et al. 2004; Huang et al. 2000; Stephenson et al. 1995) , capture true neonates free of potential early-survivor bias (Bishop et al. 2007; Carstensen et al. 2003; Garrott and Bartmann 1984) , and monitor subsequent survival (Diefenbach et al. 2003; Steigers and Flinders 1980) have been continuously updated. However, even if the birth site of a deer (Odocoileus) is located, capture of fawns is not certain (Bowman and Jacobson 1998; Johnstone-Yellin et al. 2006) . Deer researchers (e.g., Ballard et al. 1999; Burroughs et al. 2006; Nelson and Woolf 1985; Pojar and Bowden 2004) also have attempted to capture random fawns of unknown age and rely on published morphometric models to predict age of the fawn; these models were generated from captive white-tailed deer (O. virginianus-Haugen and Speake 1958; Sams et al. 1996) and Rocky Mountain mule deer fawns (O. hemionus hemionus- Robinette et al. 1973) .
During a research project investigating survival of fawns of sympatric white-tailed and desert mule deer (O. h. eremicus) in west-central Texas, we made observations that other field researchers may find useful. These observations regard preferred vaginal-implant transmitter (VIT) design for mediumsized, free-ranging deer; estimates of fawn movements from birth sites as a function of time from birth to capture, and estimates of age predicted by new hoof growth of free-ranging fawns. All 3 of these parameters should improve capture success of fawns and improve estimates of age and survival. (National Oceanic and Atmospheric Administration 2006 ). Other researchers have described the area in greater detail (Avey et al. 2003; Butler et al. 2006) .
MATERIALS AND METHODS
Field methods.-In late April 2004-2006, we captured 25 pregnant females of each species of deer by net-gun from helicopter (Krausman et al. 1985) , confirmed pregnancy status and estimated body fat content by ultrasonography (Smith and Lindzey 1982; Stephenson et al. 2002) , and fitted pregnant does with very-high-frequency radiocollars (Telonics, Mesa, Arizona; Advanced Telemetry Systems, Inc., Isanti, Minnesota) and VITs (Advanced Telemetry Systems, Inc. [Bishop et al. 2007] ). In 2004, retention of VITs to parturition was less than expected based on a previous published account (Carstensen et al. 2003) , so we consulted with the manufacturer to make the internal holding wings wider for 2005 and 2006. In 2006, lengths of the VIT antennas were longer than in the previous 2 years based on recommendations from a behavioral study of captive deer (Johnstone-Yellin et al. 2006 ). However, from our previous experience we were concerned about deer orally removing their VITs before parturition. Therefore, we cut antennas that protruded greater than 2 cm past the vulva to ,1 cm, leaving some 1-2 cm, and applied superglue to the cut ends to prevent fraying. For contingency table analyses examining effects of wing length (2004 versus 2005) and antenna length (within 2006) on successful drops of VITs, we considered a ''successful'' drop as one that occurred within 30 m of a birth site because to us that seemed a reasonable distance to enable detection of a fresh birth site in this semiarid brushy environment.
Vaginal-implant transmitters were programmed with a temperature-sensitive switch, set at 358C, to be triggered on expulsion; a precise-event code to allow remote backdating of the switch to within 15 min; and an active transmitting period of 12-14 h per day to preserve battery life, which often precluded precise backdating. Also, direct sunlight on a VIT at temperatures as low as 268C could induce a false-negative ''internal'' signal (S. Haskell, in litt.). We monitored VIT signals from pregnant does daily between midnight and 0800 h to avoid false-negative signals. Therefore, we relied not only on precise-event codes but also on evidence from birth sites (e.g., freshness of sign and shade aspect relative to previous environmental conditions) and the last time the VIT was heard to approximate timing of a birth event. Many of these estimates were intervals such as 20-28, 12-24, or 8-14 h before fawn capture, but those ,8 h were precise to within 15 min by precise-event code, because we set VITs to begin transmitting at 2230 h and usually began searches for fawns at daylight, around 0700 h. We used the mean of these intervals as an independent variable for regression analysis predicting distance of fawn movements from birth sites. In concordance with other observations (Johnstone-Yellin et al. 2006), we noted that some does expelled VITs early in labor, perhaps 1 or 2 h before parturition, so we allowed for these occurrences in our estimates.
When VITs were expelled, we initiated searches by locating the doe 1st. We used a handheld global positioning system (model GPS 76; Garmin Inc., Olathe, Kansas) to mark locations of does and birth sites, direct searches for fawns toward the doe's location (M. Carstensen Powell, University of Minnesota, pers. comm.), and mark locations of captured fawns. To account for dependence of observations associated with captures of twins, we calculated a single distance from birth site to capture location as the average of the Euclidian estimates for the 2 fawns. Twins were determined by direct observation at capture and subsequent monitoring by radiotelemetry. We fitted each fawn with an expandable radiocollar (Diefenbach et al. 2003) and measured new hoof growth to the nearest 0.5 mm (Sams et al. 1996 ). With precise-event codes on radiocollars on fawns and daily monitoring practices, ages of fawns at death were known to the level of precision of ages of fawns at capture. Thus, we measured hoof growth from dead fawns (e.g., sickness and predation) to assess growth over a period of nearly 2 months.
Data analysis.-We compared proportions using likelihoodratio chi-square tests (Zar 1999) . For regression analysis to estimate a function describing distance (m) fawns moved from birth sites, we log-transformed the response variable and predictor variable of age (h) to control influence of outliers and help satisfy the assumption of homoscedasticity (Neter et al. 1996; Zar 1999) ; we also investigated a potentially modifying species effect. To be consistent with previous models, we used linear least-squares regression to predict fawn age (days) from new hoof growth (mm); again, we considered a potentially modifying effect of species. However, to account for heterogeneous errors and predominance of potentially interceptbiasing zero hoof growth measures at neonatal capture, we used an inverse square-root function of new hoof growth for weighted least squares (Carroll and Ruppert 1988) . We qualitatively compared our hoof growth model to 3 previously published models from captive fawns. We used SAS 9.1 (SAS Institute Inc., Cary, North Carolina) for statistical analyses and S-Plus 7.0 (Insightful Corp., Seattle, Washington) for data plots. All field operations complied with Texas Tech University Animal Care and Use Committee permit 03075-10, which conformed to guidelines approved by the American Society of Mammalogists (Gannon et al. 2007 ).
RESULTS
After mortalities of adults (2 in was the same as in 2005, but we cut some antennas to a shorter length (n ¼ 21, " X ¼ 6.1 cm, SD ¼ 0.6 cm, range ¼ 5.1-6.9 cm), and we left some as standard from the manufacturer (n ¼ 23, " X ¼ 9.6 cm, SD ¼ 0.2 cm, range ¼ 9.3-9.9 cm). We classified 81% (17 of 21) of short-antenna VITs and 43% (10 of 23) of long-antenna VITs as successful drops (v 2 ¼ 6.76, d.f. ¼ 1, P ¼ 0.009). However, we determined that at least 62% (8 of 13) of long-antenna VIT drops classified as unsuccessful were near parturition in time and space as evidenced by presence of a deer neonate during initial searches for fawns, and a birth site in 2 cases as well (84 and 144 m from VIT drop site). Similarly, we determined that 75% (3 of 4) of short-antenna VIT drops classified as unsuccessful were near parturition.
From June to August, 2004-2006, we estimated distance from birth sites and time since parturition for 96 captures of fawns. Of these, we had 33 incidences of captures of twins, resulting in a total sample of 63 observations (34 mule deer and 29 white-tailed deer). From the full model explaining distance moved away from birth sites by neonates with explanatory effects of age, species, and age Â species, we 1st removed the age Â species interaction term (estimates ¼ 0.14 6 0.23 [1 SE], P ¼ 0.544). The effects of log-transformed age (estimates ¼ 1.35 6 0.12 [1 SE], P 0.001) and species (estimates ¼ 0.44 6 0.19 [1 SE], P ¼ 0.027) demonstrated enough significance as partials that we left them in the final model explaining 70% of the variance (adjusted R 2 ¼ 0.691). Our model predicted that after 24 h postpartum, white-tailed fawns were on average nearly 250 m from birth sites, whereas mule deer were about 150 m from birth sites (Fig. 1 ). To find fawns within 100 m of a birth site, our model predicted that on average, researchers should capture white-tailed and mule deer fawns within 12.5 and 17.5 h postpartum, respectively, although outliers may be expected (Fig. 1) . The effect of species may be spurious, but we belived it was justified to describe the deer at our study site based on field observations, and it may be related to a local difference in maternal antipredator behavior between species (S. P. Haskell, in litt.).
Of 118 measurements of hoof growth, the weighted regression analysis considered 44 nonzero observations related to mortality events. We kept the full model (adjusted R 2 ¼ 0.871) predicting age with covariates new hoof growth, species, and new hoof growth Â species because the interaction term was significant (estimates ¼ 1.32 6 0.38 [1 SE], P ¼ 0.001). Compared to previous models derived from captive white-tailed fawns, our model generally predicted greater ages of fawns from measurements of hoof growth (Fig. 2) . Ninetyfive percent prediction limits for age (days) at 2, 6, and 10 mm of hoof growth were 6.2-10.4, 21.3-26.2, and 35.1-43.4 for the white-tailed fawns in this study, and 8.7-12.0, 18.1-23.0, and 26.4-35.0 for mule deer, respectively. Perinatal mule deer fawns appeared to have less hoof growth than whitetailed deer fawns in our study, but accrued hoof growth faster during their 1st month of life with similar expectations at about 14 days old and 3.5 mm of growth (Fig. 2) . Our model for white-tailed deer predicted a similar rate of hoof growth as that of Sams et al. (1996) , but because of greater perinatal measurements by Sams et al. (1996 [i. e., different intercepts]), our model predicted that fawns were about 10 days older (Fig. 2) . In contrast, Haugen and Speake (1958) recorded perinatal measurements similar to ours, but their recorded rate of hoof growth was greater (Fig. 2) . Our model for mule deer compared to the model of Robinette et al. (1973) in a similar way as our model for white-tailed deer compared to that of Sams et al. (1996) . That is, rates of hoof growth were similar but perinatal measurements made by Robinette et al. (1973) were greater than those we made on free-ranging mule deer fawns, resulting in a general 11.5-day discrepancy in prediction of age (Fig. 2) .
DISCUSSION
Although Carstensen et al. (2003) reported acceptable success with VITs for white-tailed deer in Minnesota, Seward et al. (2005) recommended greater VIT wing length for elk (Cervus elaphus) in Kentucky. Researchers in Colorado had difficulties with VIT retention in Rocky Mountain mule deer (Bishop et al. 2007 ), and we concur that greater VIT wing lengths resulted in greater retention for both species at our site in west-central Texas. (2006) that VIT antennas protruding farther from the vulva were generally easier to hear, although topography can amplify or obscure reception. However, despite determining that most VIT drops classified as unsuccessful were near parturition in space and time, we suggest that to facilitate captures of fawns it helps to locate the birth site and recommend that VIT antennas not protrude .1 cm past the vulva to increase occurrence of successful drops. Also, a blunt epoxied tip on a VIT antenna may reduce fraying, mitigate irritation to the vulva, and draw less attention from the doe.
We provide evidence that adult females may move their fawns considerable distances from birth sites within the first 24 h postpartum (Fig. 1) . Our model makes predictions for within 30 h postpartum, when most data were recorded, but theoretically, the function should take an asymptotically logistic form over longer periods of time. Researchers should respond to birth events quickly to ensure capture of neonates, but we had no success finding fawns in the dark using thermal imaging (Butler et al. 2006) or lights. Our results for whitetailed fawns in particular (Fig. 1) may be negatively biased, because on several occasions we investigated birth sites within 4-12 h postpartum and failed to find any fawns despite searches (100% coverage objective) covering a 250-to 300-m radius.
There has been concern for marking-induced abandonment of fawns (Livezey 1990; White et al. 1972) . Based on our observations and those of others (Heffelfinger 2006:153; Johnstone-Yellin et al. 2006; Michael 1964; Truett 1977) , we recommend waiting about 3 h before investigating an expelled VIT to allow the doe to birth, clean, and feed her young; variability may be expected. Researchers may monitor a doe's radiocollar and VIT from about 100-150 m away by telemetry to detect movement away from the birth site, and exercise prudence. We captured several viable fawns in and adjacent to birth sites (n ¼ 15, ,15 m from birth sites) shortly after birth.
We documented only 1 case of investigator-induced abandonment when we flushed a doe in labor (VIT expelled 3 h prior) that birthed her 1st of twin fawns about 10 m from her chosen birth site while fleeing; the fawn was undersized and probably not viable, but the doe did not return. We tracked locations of does and fawns intensively after captures. After adopting birthsite monitoring practices as suggested above, we were unable to document any abandonment due to our acute disturbance of the doe at birth sites. However, we did experience losses due to fawns fleeing the capture site by several hundred meters and failing to reunite with their does (n ¼ 4). We subsequently found that physically moving fawns back to the capture location could prevent such losses (n ¼ 2). We concur with others ; C. Bishop, Colorado Division of Wildlife, pers. comm.) that risk of marking-induced abandonment was minimal and suggest that the critical bonding period between doe and fawn was limited to initial grooming and feeding immediately postpartum. We suggest that researchers determine marking-induced abandonment by radiotelemetry monitoring rather than assuming responsibility for all early mortality events because some areas may have high early mortality naturally (Bishop et al. 2007; Pojar and Bowden 2004; Ricca et al. 2002) .
Models for estimating age of fawns may be species-specific (Fig. 2) . Furthermore, young mammals in captivity tend to grow more rapidly than free-ranging counterparts (O'Regan and Kitchener 2005), which could be the result of better nutrition in captive mothers or young (O'Regan and Kitchener 2005; Sams et al. 1996) . This may explain the discrepancies between our model and those previously generated from captive fawns (Fig. 2) . Also, contrary to observations by Haugen and Speake (1958) , we found that a fawn's umbilicus at our site could be dry within hours of birth. Behavioral, morphological, and physiological models derived from captive deer may be suspect when applied to free-ranging populations (this study ; . Field biologists should be aware that previous growth models from captive fawns may predict positively biased estimates of growth, or conversely, negatively biased estimates of age based on field-collected morphometrics. These relationships may be site-and time-specific as well, so we encourage researchers to estimate their own growth models if possible. Variability in estimates of birth date could affect estimates of survival from staggered-entry models, especially in a case study with high rates of perinatal mortality (Winterstein et al. 2001) . Furthermore, underestimating ages of fawn may give false security against potential early-survivor bias in overall estimates of survival. The only way to know if such bias could exist may be to capture known-age neonatal fawns from birth sites.
These observations on capturing and aging deer fawns should help researchers contemplating or engaged in studies of fawn survival to execute successful operations and obtain sufficient reliable data. If applied properly, technological advances have potential to further our understanding of reproductive biology and juvenile mortality patterns and recruitment in wild ungulates. We caution against general use of models derived from captive deer to extrapolate inferences to free-ranging populations.
